The semiannual variation in geomagnetic activity is well established in geomagnetic data Its explanation has remained elusive, however. We propose, simply, that it is caused by a semiannual variation in the effective southward component of the interplanetary field. The southward field arises because the interplanetary field is ordered in the solar equatorial coordinate system, whereas the interaction with the magnetosphere is controlled by a-magnetospheric system. Several simple models utilizing this effective modulation of the southward component of the interplanetary field are examined. One of these closely predicts the observed phase and amplitude of the semiannual variation. This model assumes that northward interplanetary fields are noninteracting and that the interaction with southward fields is ordered in solar magnetospheric coordinates. The prediction of the diurnal variation of the strength of the interaction at the magnetopause by this model, does not, however, match the diurnal variation of geomagnetic activity as derived from ground-based data. However, predictions of the dependence of geomagnetic activity on the polarity of the interplanetary magnetic field and of a 22-year cycle in geomagnetic activity are confirmed by studies of ground-based data. It appears that the mechanism controlling the semiannual variation of geomagnetic activity has been identified but that a quantitative model must await further refinements in our knowledge of the solar wind-magnetosphere coupling. 
parently generated by the Kelvin-Helmholtz instability, have been observed in the magnetosphere, in situ measurements of the solar wind-magnetosphere interaction indicate that this instability is not responsible for geomagnetic activity. That is, geomagnetic activity is caused by substorms, and, whereas the magnitude of the southward component has been shown to control substorm activity, the solar wind velocity, which controls the KelvinHelmholtz instability, has not [Arnoldy, 1971; Foster et al., 1971] .
'In this paper, we first review the observations of the semiannual variation of geomagnetic activity. Next we describe a simplified model based on the control of substorm activity by the interplanetary magnetic field, in which the interaction is ordered in solar magnetospheric coordinates and in which the magnetosphere acts as a rectifier. Next, we compare the predic- 
ACTIVITY
The semiannual variation in geomagnetic activity appears as spring and fall maximums in long-term averages of the various indices of geomagnetic activity. Examples of this variation in the number of magnetic storms per month, the magnetic character index C, and the geomagnetic index U have been given by Chapman and Barrels [1940] and in the Ap index and individual station K indices by Mcintosh [1959] . Figure I shows the semiannual variation of the U index for years of high, medium, and low activity from 1872 to 1930. In modern terms, the U index is equivalent to the magnitude of the difference between successive daily averages of the Dst index. The The variability of the dates of the maximums could be due to any one of three different causes: poor analytic technique, poor statistics, or a real variability of the dates of the maximums between quiet and disturbed years. Since the superimposed epoch analysis technique is so straightforward and since the data sample covers three complete solar cycles, the analysis and statistics are likely to be reliable. Thus, we are left with the conclusion that the phase of the variation does vary from quiet to disturbed times. This real variability of the dates of the maximums in turn implies that, unless analyses are performed over very long series Of data, the dates obtained will vary from study to study. This perhaps explains why the controversy between the axial hypothesis, which predicts peaks on March and September 5, and the equinoctial hypothesis, which predicts maximums on March and September 21, endured so long.
'When a harmonic analysis is performed over a sufficiently long period of time, the dates of the maximums agree more closely with the equinoctial hypothesis than with the axial hypothesis. Mcintosh [1959] In summary, there is a semiannual variation in geomagnetic activity during both active and quiet years. The maximum activity occurs near the equinoxes., and *_.he minimum activity near the solstices. However, the phase of the semiannual variation appears to be significantly different in quiet years and in active years and can change significantly from one 11-year period to the next. This modulation can be explained by an increase in the average energy injected into the magnetosphere for each storm during the equinoctial months. The increase in average energy in an equinoctial month over that in a solstitial month amounts to approximately 40%. This, in turn, leads to the picture of the solar wind containing incipient stormproducing plasma, such as blast waves, shocks, and high-velocity streams, the intensity and frequency of which are controlled by the sun, but from which on the average the earth can extract more energy in the equinoctial months than in the solstitial months. We note that Piddington [1963] , from a comparison of the strength of the sudden commencement phase of storms of differing main phase amplitude, concluded that weak, moderate, and great storms all result from solar winds of the same average intensity. In the following sections, we will discuss mechanisms that have this property.
NEW EXPLANATION FOR THE SEMIANNUAL

VARIATION OF GEOMAGNETIC ACTIVITY
The interplanetary magnetic field is ordered in the solar equatorial (GSEQ) coordinate system rather than solar ecliptic (GSE) coordinates (see Russell [1971] On the other hand, since the magnetic field is inward half the time and outward half the time, the average Z component due to this effect is zero (we ignore for the moment the heliographic latitude dependence of the dominant polarity of the interplanetary magnetic field [Rosenberg and Coleman, 1969] ). However, the investigation by Arnoldy [1971] suggests that the magnetosphere acts as a rectifier. Arnoldy obtained a high correlation coefficient between the integrated GSM Z component of the interplanetary magnetic field and the AE index by assuming that the interaction was zero for northward fields and was proportional to cosine of the angle between the interplanetary field and the GSM Z axis otherwise. Thus, although the actual dependence of the strength of the interaction on .the orientation of the interplanetary field may be more complex than this, we will assume in the model to follow that the creation of northward fields in solar magnetospheric coordinates is unimportant and it is only the amount of southward field produced by the relative orientation of the systems that will concern us. Furthermore, Arnoldy's analysis indicates the energy transferred to the magnetosphere as measured by the AE index is a linear function of the hourly integrated southward component. Thus, we can simply calculate the southward component and assume that any linear measure of geomagnetic activity such as Ap, AE, and Ds• will be proportional to this southward component.
Our new explanation, then, is simply this: The semiannual variation of geomagnetic activity is a manifestation of the varying probability of a southward component occurring in solar magnetospheric coordinates due to the changing orientation of the solar magnetospheric coordinate system relative to the solar equatorial system. This theory is both an axial theory, because the solar equatorial system depends on the heliographi½ latitude of the earth, and an equinoctial hypothesis, because the orientation of the solar magnetospheric coordinate system depends on the orientation of the earth's rotation axis relative to the solar wind. As we shall see, however, the predicted maximums do not fall either on March and September 5 or on March and September 21 but in early April and early October.
PREDICTIONS OF TI-IE MODEL
If the interplanetary field always lay exactly along the spiral direction and had constant magnitude, the interaction would be repeated exactly year after year. However, the interplanetary field fluctuates about the spiral direction, the spiral direction being the most probable orientation. If the interplanetary field were isotropically distributed, of cpurse, there would be no modulation. We shall, in our calculations to follow, assume that the field is constant and exactly along the spiral angle. This will sharpen all the variations predicted by the model. If the actual distribution of the interplanetary field about the spiral direction were used, the peaks and valleys in the yearly and diurnal variation would be smoothed.
Another assumption we shall make is that the magnetic field is equally likely to be either inward or outward throughout the year. There are reasons why this may not be so over one solar cycle, so our calculations strictly will only apply to averages over two or more solar cycles. We shall discuss the effect of the heliographic latitude dependence of the dominant polarity later in this paper. Finally, we assume for our calculations that northward interplanetary fields are noninteracting and that the interaction with the southward-directed fields is linearly proportional to the size of the southward component. Since, as will become apparent below, it appears that the merging process is more complex than this, we shall refer to this model as the simple merging model. The assumption that the solar magnetospheric coordinate system orders the interaction has been tested by Hirshberg and Colburn [1969] and Arnoldy [1971] only to the extent that it orders the interaction to a higher degree than the solar ecliptic coordinate system. A competing system, the solar magnetic coordinate system, has not been tested. In this section, we will relax these two assumptions and examine two alternative models involving the southward component of the interplanetary magnetic field.
Simple merging model. In the preceding model, we assumed that the interaction was zero for a northward-pointing field. However, naively we might expect merging to occur at the nose of the magnetosphere whenever the magnetospheric field and the interplanetary field were not exactly aligned. This merging may be thought of as due to an effective southward component. cussed earlier, the maximums of geomagnetic activity are observed to occur slightly after the equinoxes. Thus, the phase of the semiannual variation predicted by this model is not consistent with the observed phase, and therefore merging ordered in solar magnetic coordinates, together with Arnoldy's merging rate law, cannot explain the semiannual variation in geomagnetic activity.
• for energy storage in the tail, a reasonable case can be made for both short and long phase lags.
If one assumes that energy is released from the tail continuously in proportion to the energy input from the solar wind but with a constant phase lag, the available evidence points to a time delay of the order of I hour [Arnoldy, 1971] We can easily incorporate the 18% modulation found by Rosenberg and Coleman [1969] for the years 1964-1967 in our model. Figure  14 shows the seasonal variation of the daily averages of the southward component for the two polarities' first, with extra field pointing toward the sun in March and, second, with extra field pointing away from the sun in March. Since the spring peak is due to fields pointing toward the sun and the fall peak is due to fields pointing away from the sun, the first polarity amplifies the spring and fall peaks and the second polarity reduces the peaks. Hruska [1971] has shown that neutral sheet crossings were on the average displaced northward of the magnetospheric equator when the interplanetary field was outward from the sun. However, since these observations were made on Imp 3, which was in the magnetotail during April and May, outward fields would have on the average a northward solar magnetospheric component. Thus, it is possible that the displacement of the neutral sheet is related instead to the north-south component of the interplanetary field rather than the radial component.
CONCLUSIONS
The semiannual variation in geomagnetic activity as measured by counting storms of intensity above a given threshold is manifested in the fact that twice as many storms occur on the average during the equinoctial months as during the solstitial months. If this is caused by a mechanism that modulates the energy extracted from incipient storm-producing plasma in the solar wind throughout the year, this variation in storm counts can be caused by a 40% increase in the average energy input dur-ing a storm at the equinoxes relative to the average energy deposited at the solstices.
By examining four models of the interaction, three involving the southward component and one involving the Kelvin-Helmholtz instability, we have found that only two models produce a semiannual variation in phase with that observed. The model assuming simple merging in solar magnetospheric coordinates and the model assuming that the interaction is ordered in solar magnetic coordinates both failed to produce the observed phase of semiannual varia-
